Alauda arvensis dialect playback experiment skylark songbird temporal ordering Parallels between birdsong and human language are numerous and include particular temporal arrangements of acoustic units and the existence of dialects. In animal communication, modifications of the temporal ordering of existing acoustic units have rarely been clearly linked with changes in information content, particularly in a natural environment. Here, we show that the organization of birdsong units ('syllables') in sequences supports interindividual relationships within skylark communities. We manipulated the temporal arrangement of song dialect variants ('shared phrases') in the skylark, Alauda arvensis, a songbird with a very large repertoire of syllables and complex song. When tested with playback experiments performed in the field, skylarks were able to perceive subtle differences in the ordering of syllables. Modifications of the syllable ordering within shared phrases changed the information content from 'group member' to 'unfamiliar individual' and induced more aggressive reactions than shared phrases with a preserved syllable arrangement. Shared phrases often varied between individuals in the number of successive repetitions of similar syllable types, but were very consistent in terms of syllable type ordering. Our results indicate that skylarks rely not simply on the composition in syllable types of shared phrases to recognize group members, but on syllable type ordering. Shared phrases could be perceived by birds as 'auditory objects' embedded within songs. Alternatively, birds might identify incorrect phrases using grammatical rules governing the succession of syllables composing the phrases shared by their group. The presence of between-individual variation in phrase length, associated with consistent syllable type ordering revealed by our analysis, suggests that the latter hypothesis is more likely. Our results show that birds perceive disruptions in the natural temporal pattern of song units, and that this temporal pattern is behaviourally salient and carries information. Ó
Parallels between birdsong and human language are numerous and include particular temporal arrangements of acoustic units and the existence of dialects. In animal communication, modifications of the temporal ordering of existing acoustic units have rarely been clearly linked with changes in information content, particularly in a natural environment. Here, we show that the organization of birdsong units ('syllables') in sequences supports interindividual relationships within skylark communities. We manipulated the temporal arrangement of song dialect variants ('shared phrases') in the skylark, Alauda arvensis, a songbird with a very large repertoire of syllables and complex song. When tested with playback experiments performed in the field, skylarks were able to perceive subtle differences in the ordering of syllables. Modifications of the syllable ordering within shared phrases changed the information content from 'group member' to 'unfamiliar individual' and induced more aggressive reactions than shared phrases with a preserved syllable arrangement. Shared phrases often varied between individuals in the number of successive repetitions of similar syllable types, but were very consistent in terms of syllable type ordering. Our results indicate that skylarks rely not simply on the composition in syllable types of shared phrases to recognize group members, but on syllable type ordering. Shared phrases could be perceived by birds as 'auditory objects' embedded within songs. Alternatively, birds might identify incorrect phrases using grammatical rules governing the succession of syllables composing the phrases shared by their group. The presence of between-individual variation in phrase length, associated with consistent syllable type ordering revealed by our analysis, suggests that the latter hypothesis is more likely. Our results show that birds perceive disruptions in the natural temporal pattern of song units, and that this temporal pattern is behaviourally salient and carries information. Ó 2013 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Striking genetic, neural and behavioural similarities exist between vocal learning in birds and human infants. This includes innate predispositions to learn species-specific signals, a sensitive period in early life and a memorization phase followed by a motor phase of production. It also includes the necessity for auditory feedback during the memorization phase, complex neural substrates and a role of social interactions (Doupe & Kuhl 1999; Beecher & Burt 2004; Beecher & Brenowitz 2005; Nottebohm 2005; Bolhuis et al. 2010) . As a consequence of vocal learning, birdsong is characterized, like human language, by geographical variation in element composition called 'dialects' (Catchpole & Slater 1995) . Furthermore, the songs are computational, that is, they consist of discrete song units, named syllables, organized in a particular temporal arrangement, in a similar way to how phonemes are organized in a particular order to form words ('phonology'; Yip 2006) . This temporal arrangement of elements into larger units in birds has been termed 'phonological syntax' (Marler 1977) .
A poorly explored parallel between human language and birdsong is the importance of the ordering of syllables composing natural songs for their information content. Are birds able to distinguish and react to sequences composed of syllables in an incorrect order, and is the organization of syllables crucial for the behaviourally relevant information carried by songs? There is evidence in primates that adding a particular suffix before an alarm call (Zuberbühler 2002; Ouattara et al. 2009a) or combining calls (Arnold & Zuberbühler 2006; Ouattara et al. 2009b ) changes the meaning of the sequence. In swamp sparrows, Melospiza georgiana, adding an extra note at a particular position within a sequence of three notes constituting a syllable, which transformed the syllable of a dialect area to the syllable characteristic of another dialect area, triggered more aggressive responses in males than unmodified song (Balaban 1988) . However, in birds, as in other species
